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SECTION  1 


I ntroduct 1  on 


This  document  is  a  -final  report  prepared  by  Stow 
Computer  o-f  Stow,  Massachusetts  -for  the  Naval  Research 
Laboratory  upon  completion  o-f  Contract  number  N00014-87-C- 
2018  -for  the  design  and  construction  of  Diqital  Correlators 
for  the  Portable  Channel  Prober  Measurement  Instrument. 
These  Diqital  Correlators  are  integrated  into  the  Diqital 
Pre-processor  built  previously  by  Stow  Lomputer  to  form  a 
Portable  Wideband  HP  Channel  Analyzer.  The  Portable 
Wideband  HP  Channel  Analyzer  is  a  subsystem  of  the  Portable 
Channel  Prober  Measurement  Instrument  beinq  developed  by  the 
Naval  Research  Laboratory  for  use  in  experiments  designed  to 
characterize  hiqh  frequency  radio  communications  channels. 

The  Portable  Wideband  HP  Channel  Analyzer  is  a  dual 
channel  data  acquisition  and  processing  system  comprising 
analog  to  diqital  converters,  three  siqnal  processors,  and  a 
mi c r ocomput er  interface.  The  first  siqnal  processor  is  the 
NRL0101  Integrator  built  as  part  of  the  Diqital  Pre¬ 
processor.  The  NRL0101  Integrator  controls  input  samplinq 
by  the  NRL0103  Analog  to  Diqital  Converter  and  can  perform 
integration  and  other  siqnal  processing  functions  on  both 
data  channels  simultaneously.  The  data  is  then  processed  by 
two  NRL0201  Diqital  Correlators,  one  for  each  channel . 
Output  from  the  NRLU201  Diqital  Correlators  is  passed  to  a 
microcomputer  for  further  analysis  and  recording.  The 
Portable  Wideband  HF  Channel  Analyzer  is  self-contained,  is 
slightly  larger  than  a  personal  computer  and  is  suitable  for 
use  on  a  table  top  or  may  be  mounted  in  a  standard  rack. 

The  Portable  Channel  Prober  Measurement  Instrument  is 
used  to  characterize  a  wideband  high  frequency  radio 
channel .  A  pseudo-noise  sequence  (PN)  sequence  is 
transmitted  over  the  channel.  At  the  receiver  site  the 
baseband  output  of  the  receiver  is  processed  by  the  Portable 
Wideband  HP  Channel  Analyzer.  The  in-phase  and  quadrature 
outputs  of  the  receiver  are  sampled  and  converted  to  diqital 
values.  Consecutive  sequences  of  input  samples  are 
integrated  and  the  integrated  sequences  are  correlated  with 
a  stored  replica  of  the  transmitted  PN  sequence  to  compute 
the  delay  power  spectrum  of  the  channel.  Correlated  values 
are  passed  to  a  qeneral  purpose  microcomputer  for  further 
analysis  and  storaqe.  Timing  and  control  circuitry  maintain 
sync hr  on  1 z at i on  between  the  transmitting  and  receiving  sites 
and  provide  a  coherent  clock  and  synchronization  signals  to 
the  Portable  Wideband  HP"  Channel  Analyzer. 

The  current  experiment  uses  two  different  PN  sequences. 
The  Sounder  mode  uses  a  25C  bit  sequence  and  is  used  to  male 


a  preliminary  characterization  of  the  channel.  The 
transmitted  pulse  width  is  8  usee  with  a  25'/.  duty  cycle. 
The  received  waveform  is  sampled  at  32  usee  intervals.  The 
sampling  can  be  uniform  or  delayed  by  4  usee  between 
integrations.  Integration  of  1,  2,  4.  or  8  sequences  can  be 
sel ected . 

The  Prober  mode  uses  a  2047  bit  PN  sequence  and  is  used 
to  more  accurately  measure  the  channel.  The  transmitted 
pulse  width  is  1  usee  with  a  257.  duty  cycle.  The  received 
waveform  is  sampled  at  4  usee  intervals  and  sampling  can  he 
uniform  or  delayed  by  .5  usee  between  integrations  of  1,  2, 
4 ,  or  8  sequences. 

All  data  collection  and  processing  parameters  in  the 
Portable  Wideband  HF  Channel  Analyzer  are  programmable  and 
are  set  by  software  downloaded  from  the  mi cr ocomput er . 
Parameters  such  as  sequence  length  and  sampling  rate  can  be 
changed  as  long  as  they  remain  within  the  physical 
limitations  of  the  system.  The  signal  processors  in  the 
Portable  HP  Channel  Analyzer  are  not  limited  to  integration 
and  correlation  but  can  be  programmed  to  perform  other 
signal  processing  tasks  as  digital  filtering  and  fast 
Fourier  transforms  (FFT  s) . 


SECTION 


Over  vi ew 


The  NRL0201  Digital  Correlator  is  a  digital  siqnal 
processor  desiqned  by  Stow  Computer  4  or  the  Naval  Resear cn 
Laboratory.  The  NRL0201  Digital  Correlator  was  designed 
specifically  tor  the  Portable  Wideband  HF  Channel  Analyzer 
built  by  Stow  Computer  tor  NHL  but  could  be  used  elsewhere 
as  a  digital  correlator,  FIR  filter ,  or  as  a  general  purpose 
digital  siqnal  processor .  The  NRL0201  Digital  Correlator 
interfaces  to  the  Portable  Wideband  HF  Channel  Analyzer  via 
the  industry  standard  VMEbus.  The  VMEbus  interface  allows 
the  NRL0201  Digital  Correlator  to  be  used  in  any 
microprocessor  using  the  VMEbus. 

Figure  1.  is  a  block  diagram  ot  the  NRL0201  Digital 
Cor r el  a tor . 

A  Texas  Instruments  1 MB320C2b  digital  siqnal  processor 
is  the  central  processing  element  of  the  NRL.0201  Diqital 
Correlator.  The  actual  correlation  is  performed  by  an  array 
of  eight  Motorola  DSP56200  Finite  Impulse  Response  diqital 
filters  in  cascade.  Dual-ported  memories  provide  an 
efficient  means  of  transferring  data  to  and  from  the  NRL0201 
Digital  Correlator.  In  addition  to  the  16k  bytes  of  dual- 
ported  memory  there  is  memory  internal  to  the  TMS320C2S  and 
the  DSP56200 ' s  in  the  Correlator  Array.  TMS320C25  programs 
are  generally  stored  internally  after  being  loaded  via  the 
VMEbus.  The  IPB  is  a  custom  bus  utilizing  the  user 
definable  pins  on  the  VMEbus  J2  connector.  The  data  memory 
ported  to  the  IPB  is  always  available  to  the  TMS320C25  even 
if  the  NRL0201  Digital  Correlator  is  installed  in  a 
backplane  with  no  IPB  connections. 


DSP56200 


—  u  — 


SECTION  3 


TMS320C25  and  Inter-face,  Input  and  Output  Memory  T  Mb  r'or  t  c 


A  Texas  Instruments  TMS32UC25  diqital  siqnal  processor 
is  the  central  processing  element  of  the  NRL02U1  Digital 
Correlator.  The  interface  circuitry  to  the  TMS32uoH 

comprises  a  clock  circuit,  address  decoders  and  a  circuit 
that  generates  READY.  READY  indicates  to  the  T MS 32oL25 

that  an  external  read  or  write  cycle  is  complete.  Hie 

TMS320C25  stretches  an  external  read  or  write  cycle  with 
wait  states  until  READY  is  asserted.  For  maximum  speed,  the 
TMS320C25  address  and  data  buses  connect  directly  to  the 
Input  Memory,  Output  Memory  and  Correlator  Array  Interface 
latches,  which  are  all  high  performance  CMGb ,  without 
intermediate  buffers.  Most  of  the  address  decodinq  and  the 
READY  logic  are  combined  into  two  programmable  loqic  devices 
(PLDs).  The  clock  input  of  the  TMS320C25  is  driven 
directly  from  a  40  mHz  oscillator  which  also  drives  an  octal 
flip-flop  circuit  used  to  generate  lu  and  2v  mH::  processing 
clocks.  These  clacks  have  a  fixed  phase  relationship  and 
edqes  as  close  as  possible  to  the  internal  TMS32uC25  clocks. 

Address  decodinq  is  simplified  by  not  usinq  the  entire 
TMS320C25  address  space.  I  he  Correlator  Array  is  addressee 
by  bit  15  (the  MSB)  of  the  address.  Although  this  uses  32^ 
bytes  of  the  address  space  to  address  12V  registers,  there 
is  no  decodinq  overhead.  Address  bits  14  and  1  of  the 
TM53COL25  are  not  used  externally  and  are  effectively  “don  t 
cares"  in  the  address  decoding.  These  "don  t  care"  bits  are 
used  to  avoid  some  restrictions  in  the  address  space.  The 
NRL0201  Digital  Correlator  uses  the  same  physical  memory  in 
program  space  to  download  software  and  in  data  space  as 
output  memory.  The  proqram  memory  must  start  at  location 

OoOu  but  data  space  addresses  below  u3FF  (all  addresses  are: 
shown  in  hexadecimal)  are  used  internally  in  the  TMS32oC25. 
Adding  an  offset  of  2u00  to  input,  memory  references  in  the 
software  makes  the  references  external  and,  since  bit  13  is 
not  wired,  physical  memory  receives  addresses  starting  at 
0O00  •  TMS32<>(.25  address  decodinq  is  shown  in  Table  1. 

READY  to  the  7MS:,.2oL25  is  asserted  based  on  a 
combination  of  address  decodinq  and  feedback  from  the  device 
addressed.  A  read  cycle  to  the  Input  Memory  generates  an 
immediate  READY  so  that  the  TMS5-20C25  can  proceed  without 
wait  states.  When  the  NRL0201  Digital  Correlator  is 

operated  in  the  Port  able  Wideband  HF  Channel  Analyzer  there 
should  be  no  contention  for  access  to  the  Input  Memory.  1  he 
BUSY  siqnal  from  the  Input  Memory  is  connected  to  interrupt 
INTO  of  the  7MS320L25.  This  connection  can  be  used  to  I  J  atj 
an  exception  to  an  Input  Memory  access  if  the  NRL'COl 
correlator  is  programmed  for  a  different  application.  Write 


cycles  to  the  Correlator  Array  generate  an  immediate  READY 
it  ABUSY  from  the  correlator  array  inter-face  is  not 
asserted.  Software  -for  the  Portable  HF  Channel  Analyzer  is 
synchronized  to  the  array  so  ABUSY  will  probably  never  cause 
wait  states. 

Read  cycles  accessing  the  Correlator  Array  have  at  least 
one  wait  state.  The  TMS320C25  cycle  continues  to  stretch 
until  RDRDY*  is  received  -from  the  Correlator  Array 
Interface.  Write  cycles  to  either  the  Input  or  Output 
Memory  have  at  least  one  wait  state.  This  wait  state  allows 
the  arbiter  of  the  dual-ported  memory  to  qrant  access  or 
assert  BUSY.  If  IBUSY  or  OBUSY  is  asserted  the  cycle 
stretches  until  the  write  can  be  completed.  Read  cycles 
accessing  the  Output  Memory  have  at  least  one  wait  state  1 n 
both  data  and  program  space.  If  OBUSY  is  asserted  due  to 
access  from  the  VMEbus  side,  the  7MB320L20  cycle  stretches 
until  the  read  can  be  completed. 
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SECTION  4 


Correlator  Array 


The  Correlator  Array  consists  of  eight  Motorola  DSP562U0 
Finite  Impulse  Response  (FIR)  Diqital  Filters  in  cascade. 
Each  DSP56200  is  a  programmable  length  FIR  filter  with 
maximum  length  of  256  taps.  The  DSP5fc>2t>0  has  an  eiqht  bit 
parallel  interface  used  for  loading  data,  coef f i c i en t s ,  and 
control  parameters  and  serial  inputs  and  outputs  for  passing 
data  and  partial  sums  in  the  cascade.  The  autocorrelation 
function  is  performed  by  loading  the  coefficient  mem  or y  of 
the  FIR  filter  with  a  stored  replica  of  the  sequence  being 
processed . 

Eiqht  DSP562U0  s  m  cascade  are  used  to  process  a  PN 
sequence  of  up  to  2047  bits.  The  serial  output  of  the  last 
DSP56200  is  connected  to  the  serial  input  of  the  first  to 
perform  a  circular  shift  of  the  data  durinq  the  correlation. 
For  details  on  the  operation  of  the  Motorola  Dbf  "  •  refer 
to  the  Motorola  data  sheet. 

4.1  Correlator  Array  inter  face 

The  Correlator  Array  Interface  interfaces  the  le  a  i 
Instruments  TMST2uC25  digital  siqnai  processor,  whir,  r 
functions  as  the  central  processor  in  the  NRlOJuI  Digital 
Correlator,  with  the  array  of  Motorola  DBPSpLoo  digital 
filters  which  perform  the  correlation.  The  Correlate^ 
Array  is  addressed  as  data  memory  by  t  fie  1  Mb22‘.'u  2b . 
Address  decoding  is  done  by  the  7MS-20C2b  interface.  The 
heart  of  the  Correlator  Array  Interface  is  an  Am29PLl4i  fuse 
programmable  controller.  This  finite  state  machine 
sequences  the  interaction  of  the  interface  with  tr.e 
TMS52UC25  and  the  DSP562t>0  s.  The  Correlator  Array 
Interface  is  optimized  for  tr  anstprr i nq  data  ♦ r om  the 
TMS520C25  to  the  array.  For  highest  performance  the  ar r a v 
must  be  loaded  as  quid  iy  as  possible.  Lor  relator  output  s 
from  the  array  are  spaced  at  the  processing  delay  which 
allows  plenty  of  time  for  the  7  MS  2'.>L2h  t  o  read  the  results. 

The  TMS320C25  writes  sixteen  bit  data  to  the  correlator 
Array  Interface.  The  DSP562uC  s  used  to  perform  the 
correlation  have  an  eight  bit  interface.  The  Correlator 
Array  Interface  latches  the  data  from  the  1MSu2uC25  so  that 
the  TMS320C25  can  continue  with  no  wait  states  and  then 
performs  two  byte  writes  to  the  DSPb620u  that  was  addressed. 
The  TMS320C25  must  not  try  to  write  to  the  Correlator  Arrav 
in  two  consecutive  cycles.  When  the  Correlator  Arrav  is 
being  loaded  the  TMS320C25  alternates  between  readinq  from 
the  Input  Memory  and  writing  to  the  array.  Thus,  the 
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consecutive  cycle  restriction  is  not  a  problem  and  the 
pipeline  is  always  -full. 

Data  and  addresses  to  the  array  are  double  buffered. 
Double  buffering  allows  the  TMS320C25  to  initiate  a  write 
cycle  while  the  previous  write  cycle  is  being  completed. 
Addresses  and  data  are  also  double  buffered  by  the  DSP562UU 
at  its  input,  port.  The  internal  RAM  memory  o-f  the  DSPu6200 
is  not  directly  accessed  by  the  TMS320C25.  The  TMS320C25 
writes  an  address  to  the  RAM  address  register  o-f  the 
DSP56200  and,  it  it  is  a  write  cycle,  writes  data  to  the 
data  register.  These  external  registers  are  copied 
internally  at  the  next  START  pulse.  It  a  location  ot  the 
internal  DSP56200  RAM  is  being  read,  the  read  data  is 
written  to  the  external  data  register  on  the  succeeding 
START  pulse.  DSP56200  cycles  are  shown  in  the  Motorola  data 
sheet.  The  START  pulse  is  trom  the  START  Pulse  Counter 
which  is  described  below. 


Output  trom  the  Correlator  Array  is  read  in  bytes 
through  the  eight  bit  interface.  The  TMS320C2C  must  pertorm 
two  read  cycles  and  then  combine  the  bytes  into  a  sixteen 
bit  word.  The  result  of  each  correlation  is  stored  in  the 
output  register  of  the  last  DSP562UU  in  the  cascade  and  may 
be  read  by  the  TMS320C25  by  addressing  each  byte  of  the 
output  reqister  .  Readinq  data  trom  the  DSP56200 ' s  internal 
data  RAM,  however,  is  pipelined  due  to  the  double  buffering. 
The  data  read  on  one  cycle--*  is  from  an  address  written  into 
the  address  reqister  on  a  previous  cycle.  Normal  operation 
of  the  NRLOlul  Digital  Correlator  in  the  Portable  Wideband 
HP  Channel  Analyzer  does  not  require  readinq  the  DSPS6200 ' s 
internal  data  RAM. 


Write  cycles  from  the  TMS320L2b  to  the  array  are 
performed  in  a  single  cycle  with  no  wait  states.  When  the 
TMS3^0l.2b  reads  the  array,  however,  several  cycles  are 
required  and  the  cycles  accessing  the  array  are  stretched  by 
wait  states.  The  difference  in  performance  between  reads 
and  writes  is  a  result  of  the  optimization  of  the  design. 
In  the  Portable  Wideband  HP  Channel  Analyzer  the  time  spent 
writing  to  the  array  impacts  performance.  There  is  ample 
time  to  read  the  output  of  the  Correlator  Array. 

Operations  supported  by  the  Correlator  Array  Interface 
are:  read  even  byte,  read  odd  byte,  word  write,  write  odd 
byte,  and  write  to  the  modulus  reqister  of  the  START  Pulse 
Counter.  Read  even  byte  reads  the  reqister  at  the  even 
address  specified  and  places  the  data  on  D07  through  D00. 
Read  odd  byte  reads  the  register  at  the  odd  address 
specified  and  places  the  data  on  DO/  through  D00.  Word 
write  writes  the  LSB  of  the  data  from  D07  through  D00  into 
the  reqister  at  the  even  address  specified  plus  one  then 
writes  the  MSP  ot  the  data  from  through  DOB  into  the 
register  at  the  address  specified.  Write  odd  byte  writes 
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the  LSB  of  the  data  -from  D07  through  D00  into  the  register 
at  the  odd  address  specified.  Write  to  START  Pulse  Counter 
modulus  register  writes  the  MSB  of  the  data  from  D15  through 
D08  to  the  modulus  register  of  the  START  Pulse  Counter . 
Note  that  it  is  the  MSB  that  is  transferred.  The  START 
Pulse  Counter  is  described  in  section  4.2. 


These  operations  are  defined  to  interface  the  TMS320C25 
which  does  only  word  transfers  with  the  DSP56200  which  does 
only  byte  transfers.  The  Correlator  Array  Interface 
determines  the  type  of  operation  from  the  read/write  signal 
and  the  LSB  of  the  address  from  the  TMS320C25.  It  then 
performs  one  or  more  operations  to  complete  the  desired 
transfer.  The  LSB  of  the  DSP56200  register  address  is 
generated  by  the  interface.  For  example,  when  the  TMS320C2S 
writes  to  an  even  location  (word  write),  the  interface  first 
does  a  write  to  the  odd  byte  then  the  even  byte.  Byte 
writes  to  odd  bytes  were  included  because  the  control 
registers  of  the  DSP56200  are  at  odd  byte  addresses.  The 
modulus  of  the  START  Pulse  Counter  is  set  using  the  most 
significant  byte  of  the  data  because  it  was  easier  to 
implement  in  the  hardware  than  if  the  least  significant  byte 
wer  e  used . 


4.2  STAR1  Pulse  Counter  and  START  Pulse  Counter  Modulus 
Reg  1 st er 

The  START  Pulse  Counter  generates  the  synchronous  STAR1 
pulse  required  by  the  DSP56200.  The  period  of  the  START 
pulse  is  equal  to  the  filter  length  plus  some  overhead  as 
defined  in  the  DSP56200  data  sheet.  The  START  pulse  is  used 
to  transfer  data  that  is  double  buffered  in  the  DSP562O0 
into  and  out  of  the  interface  registers.  While  the 
Correlator  Array  is  being  loaded  with  data,  the  filter 
lenqth  is  set  to  the  minimum  value  so  that  START  can  occur 
at  the  maximum  frequency  for  fastest  loading.  The  period  of 
the  START  pulse  is  set  through  the  START  Pulse  Counter 
modulus  register.  The  START  Pulse  Counter  circuitry  also 
generates  a  gating  pulse,  SWRN ,  which  inhibits  the 
initiation  of  transfers  to  or  from  the  TMS32GC25  for  a 
period  around  the  START  pulse.  This  period  was  determined 
by  adding  the  required  dead  time  from  the  DSP5620O  riat  a 
sheet  to  the  time  for  the  microcode  of  the  longest  transfer 
to  complete. 

The  START  Pulse  Counter  modulus  register  is  loaded  from 
the  most  significant,  byte  of  the  data  bus  and  determines  the 
period  of  the  START  pulse.  The  START  Pulse  Counter  is  a 
9-bit  counter  clocked  by  the  same  10  mHz  clock  as  the 
Correlator  Array.  The  value  loaded  into  the  register  is  the 
determined  by  writing  the  period  determined  from  the 
DSP56200  data  sheet  as  a  9~bit  binary  number,  subtracting 
one,  taking  the  one's  complement,  and  shifting  the  eight 
MSB  s  to  the  most  significant  byte  of  a  16-bit  number. 
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Normal  values  -for  the  start  pulse  counter  modulus  are  listed 
in  Table  2. 


Total  Number 
of  Taps 

STAR!  Pulse 
Per i od 

Modulus  Reqister 
Va  1  ue 

32 

49  x 

1  OOn  s 

E70U 

256 

49  x 

1 00ns 

E  700 

2048 

267  x 

1  00ns 

7Au0 

Table  2.  Typical  Values  for  START  Pulse 
Counter  Modulus  Register 
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SECTION  3 


IPB  Interface  and  Input  Memory  IPB  Port 


The  I nt er-pr ocessor  Bus  or  1PB  is  used  to  transfer  data 
between  the  Analog  to  Digital  Converter ,  Integrator,  and  two 
NRL0201  Digital  Correlators  in  the  Portable  Wideband  Hf 
Channel  Analyzer.  The  IPB  specification  is  based  on  the 
VMEbus  VMX  subsystem  bus.  Si qnal  timing,  dr  1 ver  and 

receiver  specifications  are  taken  from  the  VMXbus 

specifications.  The  IPB  is  optimized  tor  the  Portable 
Wideband  HE  Channel  Analyzer.  The  IPB  has  1C  non  - 

multiplexed  address  lines,  32  data  lines,  an  address  strobe, 
data  strobe  and  a  read/write  control  line.  Linl  si  ana  is 

allow  the  two  correlators  in  the  Portable  Wideband  H> 
Channel  Analyzer  to  operate  as  a  sinqle  slave  device.  1  no 
NRLOlul  Integrator  is  a i  wavs  the  IPB  master  .  1  he  J-t  data 

lines  are  utilized  as  two  16  bit  channels.  Each  correlator 
operates  on  one  channel  un-phase  or  quadrature  oat.  a,'  whirl, 
is  selected  b  v  installing  t  h  e  bus  transceivers  for  the 
desired  c  h  a  n  n  e 1  . 


3.1  Configuring  the  I P  B  f -or  t 

The  NhL.  o2ol  biqital  Cor  r  el  at  or  s  are  configured  for 
linked  operation  on  the  iPH  by  E>  I P  switch  Db  1  .  Db  1  SW 1  when 
closed  (an)  configures  the  NBLo2n]  Digital  Correlator  to 
generate  IPB  ACT  *.  If  bb  1  SW  1  is  open  (aft)  the  correlator 
qpner  ates  LlNfGLW*  which  is  a  sync  hr  ori  i  z  at  l  on  signal  to  the 
correlator  generating  Alt  * .  Db  1  SW*_  wheri  closed  i  or,  i  causes 
the  correlator  to  wait  for  L  1  Nt-  IN*  before  generating  AL  r  * . 
The  normal  con f i qur at l on  for  the  two  correlators  in  tno 
Portable  Wideband  PIE  Lhannel  Analyzer  is  tor  one  correlator 
t  cd  wai  t  for  LINE  IN*  and  generate  ACT  *  (DS1  bw  1  on,  SWT  or.; 
arid  the  other  correlator  to  generate  LINMjoI*  t  Db  1  bWl  on  , 
SWT  off).  The  correlator  generating  ALT*  must  he  in  the? 

higher  numbered  of  two  adjacent  slots  in  the  bat  i  phcip. 
L  INh  m  )T*  and  L I  Nh  IN*  use  the  SMAiT  UU  i  *  /  bMncT  IN* 

connect  i  on s  cd f  t  h e  VM x  bad  pi  an e  . 


NPL'iCo]  Digital  Correlators  are  contiqured  for  the  ln- 
phase  or  quadrature  (1  or  C  ,*  channel  b\  the  i  ns  t  a  1  1  at  i  or.  nt 
one  pair  of  74F245  bus  t r an sr e  i  ver s .  Transceivers  are 

instal  led  in  positions  U14  and  U  1  3  for  in --phase  data  or  in 
positions  U28  and  U29  tor  quadrature  data. 

5.1.'  Input  Memor  y 

Transactions  over  the  1FB  qcD  directly  to  the  c  or  r  el  at  t 
Input  Memory.  The  Input  Memory  is  an  fcU  byte  dual  ported 
memory.  One  port  connects  to  the  1EB  interface,  t  hie  othe» 
tn  the  TMS3T'’>C23.  Operation  of  the  memor  y  ports  is 
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independent.  unless  both  ports  try  to  access  the  same 
location  simultaneously.  14  both  ports  try  to  access  the 
same  location  an  internal  arbiter  grants  access  to  one  port 
and  delays  aci_ess  tu  the  other  port  by  asserting  BUbV*.  In 
the  Portable  Wideband  HP  Channel  Analyzer  the  correlator 
input  memory  is  operated  as  two  2k  word  butters.  One  butter 
is  used  by  the  NRL0101  Integrator  as  data  memory  as  input 
samples  are  collected  while  the  7MS302C25  unloads  the  other 
butter.  The  butters  exchanqe  roles  by  mutual  agreement 
between  the  Integrator  and  the  TMS320C2b  using  a  mailboc 
sc  heme . 


SECTION  6 


VMEbas  Interface 


The  NRL0201  Digital  Correlator  is  i undamental 1 y  a  VMEbus 
based  diqital  siqnal  processor.  The  VMEbus  is  an 
international,  interconnection  standard.  The  NRL0201  Digital 
Correlator  con-forms  to  the  VMEbus  specification  REV  C.l  in 
terms  of  siqnal  definition,  timinq,  dc.  loading,  and  drive 
capability.  The  capacitive  loadinq  oT  a  several  signals  may 
exceed  the  specification  by  a  -few  pico-f  arads.  The  NRL0201 
Digital  Correlator  is  a  VMEbus  SLAVE  with  A16,  A24  ,  DOB(EU) , 
and  D16  capability.  This  means  that  the  correlator  will  not 
initiate  transfers  but  will  respond  to  16-bit.  (short)  or  24- 
hit  (standard)  addressing  and  can  transfer  data  in  bytes 
(both  even  and  odd)  or  in  16-bit  words. 

The  User-Defined  pins  of  the  VMEbus  J2  connector  are 
used  in  the  Portable  Wideband  HE  Channel  Analyzer  to 
implement  an  inter-processor  bus  (IPB),  a  control  bus,  and 
for  siqnals  that  allow  two  NRL0201  Digital  Correlators  to  be 
linked  in  order  to  occupy  the  same  VMEbus  address  space  and 
transfer  data  to  the  system  mi cr ocomput er  in  32-bit 
1 onqwords  (D32).  In  the  Portable  Wideband  HP  Channel 
Analyzer  this  capability  is  used  to  process  the  in-phase  and 
quadrature  channel  data  from  the  Digital  Pr e-processor  in 
parallel  and  make  use  of  the  bandwidth  of  a  32-bit  data  bus. 
in  transferring  tap  gains  to  the  system  microcomputer. 

The  NRL020J  Digital  Correlator  can  be?  used  without 
modification  in  a  standard  VMEbus  system  if  no  connections 
are'  made  to  rows  A  and  C  of  connector  J 2 .  A  configuration 
switch  on  the  NRL02U1  Diqital  Correlator  shifts  the 
addresses  of  the  on-board  memor y  and  control  register  so 
that  two  correlators  can  be  used  in  the  same  VME  backplane 
without  modification.  Thus,  although  designed  sped f l cal  1 v 
for  the  Portable  Wideband  HF  Channel  Analyzer,  the  NRL0201 
Diqital  Correlator  can  perform  correlation  and  other  siqnal 
processinq  tasks  in  a  pure  VME  environment. 

6.1  VME  Interface?  Lon-f  l  gur  at.  l  on  Switches  DS2 

A  dual  DIF'  switch,  DSC,  conf  lqures  the  VMEbus  interface 
of  the  NRL0201  Diqital  Correlator.  Switch  SW1  of  US*, 
selects  stand-alone  or  linked  mode.  When  SW1  is  closed  (on) 
the  VMEbus  interface  operates  in  stand-alone  mode  and 
generates  the  VM&hus  ac k nowl edqement  siqnal  DTACk*  in 
response  to  being  addressed.  When  SW1  is  open  (off)  the 
VMEbus  interface  operates  in  co-operation  with  another 
NRl 02ol  Digital  Correlator  in  the  backplane.  The  siqnals 
generated  by  the  interface  in  linked  mode  depend  on  the 
setting  of  switch  SW2  of  DSC.  The  correlator  having  SW2 
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closed  (on)  generates  VLINkOUT*  instead  o-f  DTACf *  in 

response  to  being  addressed.  Data  transters  -from  this 

correlator  are  routed  over  D31  through  D16  on  the  data 
transfer  bus.  The  correlator  with  SW2  open  (off)  waits  for 
VLINKIN*  before  generating  DTACK*  and  transfers  data  over 
D15  through  D00.  VLINKOUT*  and  VL.INKIN*  are  connected  on 
the  backplane. 

SW2  is  used  in  stand-alone  mode  to  shift  the  base 
addresses  of  the  Correlator  Control  Register  and  Output 
Memory.  If  SW2  of  DS2  is  closed  (on)  in  stand-alone  mode 
the  base  address  of  the  correlator  Output  Memory  is  shifted 
up  by  8k  bytes  and  the  address  of  the  Correlator  Control 

Register  is  shifted  up  by  two  bytes  to  allow  another 

correlator  with  SW2  off  to  operate  in  the  same  backplane. 

Operation  of  DS2  is  shown  in  Table  3.  The  VMEbus  addresses, 
Correlator  Control  Register,  and  Output  Memory  are  described 
in  the  following  sections. 

6.2  VMEbus  Addresses 

The  VMEbus  addresses  used  in  the  Portable  Wideband  HK 
Channel  Analyzer  for  the  correlator  Output  Memory  are  PF4uuu 
through  FF7FFF.  The  16k  bytes  of  address  space  are 
required  for  the  Output  Memories  of  the  two  linked  NRL0201 
Digital  Correlators.  The  linked  output  memories  are  used  as 
two  2k  bv  32-bit  buffers  to  transfer  I  and  Q  channel  data  in 
parallel .  Addresses  FFFF10  -  FFFF13  on  the  VMEbus  are  used 
for  the  Correlator  Control  Registers.  The  Correlator  Control 
Reoisters  of  the  two  NRL0201  Digital  Correlators  are 
accessed  in  parallel  by  32-bit  transfers  initiated  by  the 
system  microcomputer .  The  VMEbus  addresses  used  bv  the 
NKL0201  Diqital  Correlator  may  be  changed  by  programming  new 
programmable  logic  devices  (PLD  s).  For  two  correlators 
operating  in  linked  mode  on  the  VMEbus  16  kbytes  of  address 
space  starting  on  a  longword  boundary  are  required  for  the 
Output  Memories  and  four  bytes  startinq  on  a  lonqword 
boundary  are  required  for  the  Correlator  Control  Registers. 

Valid  AM  (Address  Modifier)  codes  for  accessing  the 
Output  Memory  or  Correlator  Control  Registers  are: 

3D  Standard  Supervisory  Data  Access 

39  Standard  Non-pr i vi 1 eqed  Data  Access 

2D  Short  Supervisory  Data  Access 

29  Short  Non-pr i vi 1 eqed  Data  Access 

User  definable  codes  may  be  programmed  into  the  F'LD  '  s  if 
required.  Other  AM  codes  are  either  not  supported  or  do  not 
make  sense. 


SW1 

sw? 

Mode 

Data 

Base  Addresses 

c> 

0 

Li n k ed , 

D15-DOO 

FF40UU 

Output 

Nemar  y 

Generate 

DTACK 

* 

FFFF  1  0 

Carr  . 

Contra 1 

0 

1 

Lx  nk ed  , 

D3  1-D16 

F  F 4000 

Output. 

Memor  y 

Generate 

VL  INK 

TJU  T* 

FFFF  1  < J 

Corr  . 

Control 

1 

0 

Stand— A1 one 

D lb -DUO 

F  F  4000 

Output 

Mem  or  y 

Generat e 

DTACK 

* 

FFFF  10 

Corr  . 

Control 

1 

1 

Stand-Al one 

D15-DGO 

FT  6000 

Out  p  Lit 

Nemor  y 

Generat  p 

DTACV 

* 

FFFF  12 

Corr  . 

Cont.ro  J 

Table 


Vlitbua  Lon4iquration  Swatch  IDSL;  belt  1  nq& 


6.3  Correlator  Control  Register 

The  Correlator  Control  Reqister  (CCR)  is  an  eight  hit 
register.  The  Correlator  Control  Register  is  written  and 
read  over  the  VMEbus.  Only  three  bits  of  the  reqister  are 
used.  Reading  the  Correlator  Control  Reqister  over  the 
VMEbus  is  primarily  intended  for  diagnostic  use  but  may  be 
used  by  the  system  mi cr ocomput er  as  required. 

The  two  NRL0201  Diqital  Correlators  in  the  Portable 
Wideband  HF  Channel  Analyzer  operate  in  linked  mode  on  the 
VMEbus.  The  correlator  configured  as  upper  by  SW2'  of 
has  its  Correlator  Control  Reqister  mapped  to  VMEbus  data 
bits  L)31  through  D24.  The  correlator  not  configured  as 
upper  has  its  Correlator  Control  Reqister  connected  to  date- 
bits  1)15  through  DOB.  The  Correlator  Control  Registers  of 

both  correlators  are  accessed  with  a  single  lonqwor o 
transfer  from  the  system  microcomputer .  It  is  anticipated 
that  the  Correlator  Control  Registers  of  both  correlator  s 
will  be  written  with  identical  data  but  this  is  not  a 
requirement.  Also,  care  must  be  taken  that  there  is  valid 
data  for  both  bytes  0  and  2  before  the  1  on q word  transfer  is 
made.  Otherwise,  for  example,  one  correlator  could  be 
inadvertently  interrupted  or  reset. 

If  two  correlators  are  in  the  same  VMfc  backplane  but  art 
not.  configured  as  linked,  one  must  be  configured  as  upper 
and  one  not.  The  Correlator  Control  Register  o-t  the  NRLC.  ■  j 
Diqital  Correlator  configured  as  upper  is  at  address  FFf-'Fl.: 
and  may  be  accessed  by  a  word  or  byte  transfer  using  date; 
lines  D15  through  D*’>8.  The  Correlator  Control  Reqister  o  * 
the  correlator  not  configured  as  upper  is  at  address  FFKFiv , 
also  uses  data  lines  D15  through  DOB  and  may  be  accessed  bv 
a  word  or  byte  transfer. 

The  control  bits  are  Dlti  (U31)  RESET*,  DoP  (D2G>  INTI*, 
and  DuB  (024)  BIG*  where  M * "  means  that  the  si  anal  is  active 
low  and  is  asserted  by  writing  a  "uM  into  the  register  a* 
that  bit  position.  Numbers  in  parentheses  refer  to  a 
correlator  operating  in  linted  mode  and  configured  as  upper. 
RESET*  causes  a  hardware  reset  of  the  TM532oC25  and  the 
Correlator  Array.  INTI*  is  the  TMB31oC2b  level  1  interrupt. 
INTI*  is  bath  edge  and  level  sensitive.  bit)*  is  the 

TMS32'JC25  branch  control  input.  This  signal  mav  be  polled 
by  the  TMS320C25  using  the  BIUZ  instruction.  Refer  to  the 
TM5320C25  manual  for  details  on  interrupts,  BID*  and  BIUZ. 

6.4  Output  Memory  VME  Port 

The  Output  Memory  serves  as  both  a  data  memory  for  the 
output  at  the  NRL0201  Digital  Correlator  and  as  program 
memory  for  downloading  software  tn  the  correlator.  Thf 

Output  Memory  is  an  F)k  byte  dual -ported  random  access  memory 
(RAM)  .  The  VMfc  and  lMB32f>C25  ports  ot  the  memory  operate 
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completely  1  independent.  1  y  except  when  each  side  tries  to 
access  the  same  address.  It  both  ports  try  to  access  the 
same  address  simultaneously  an  internal  arbiter  grants 
access  to  one  par t  and  delays  access  to  the  other  port  by 
assertina  BUBy*.  Arbitration  should  not  be  required  during 
normal  analyzer  operation  because  the  output  memory  ot  each 
correlator  is  divided  into  two  by  16-bit  butters  with  the 

correlator  and  system  microcomputer  switching  butters  by 
mutual  agreement  using  a  mail  bo:;  scheme. 

The  output  memories  ot  both  correlators  in  the  Portable 
Wideband  Hh  Channel  Analyzer  are  accessed  simultaneously  in 
1 i ni ed  mode  bv  tnp  system  mi crocomputer  using  a  common 
address.  Data  is  transferred  in  3  2 -bit  lonq words.  The 

correlator  cent  i  cured  as  upper  bv  SUIT:  ot  DS2  transters  data 
Qvf/r  L'  ‘  1  through  L  j  6 .  Thfe  other  correlator  transfers  datc-< 
over  D1  j  throuqh  Du1.'.  bmee  data  is  transferred  only  in 
1  (.  !r  i  a  wor  a  s  ,  pr  oqr  anit-  must  dc  simultaneously  loaded  into  bold 
correlators  with  the  l  n  s+  r  i  <c  1 i  ons  tor  the  correlator 
configured  ac.  upper  jp  the  two  most  siqnif  uant  bytes. 
Norm -hi  i  •,  the  same  prjqra^  would  be  loaded  into  both 

C:J'  r  f.-  1  ch  t  i  S  but  t  h  1  V  1  S  Hi  U  T  tgj  1  r  f-'TiPf  .  t  . 

1  h  p  r i  r  r  p  ;  a  t  •  ►  •  s  r\  o  n :  :■ +  n  a  v  p  t  o  be  rnnt  l  Qiirprl  in  linked 

Tic:;r  ►.  crue.cit:.^  a f  •  operate  on  the  VNtbuu  ir  st  an  cl  - -a .1  or  i  r 
mo-"1*-.  In  stan; — alnr\  u  mode  a i  ;  data  transters  are  on  dat,< 
:  .  r  es  DID  thro,  D  and  cat  a  ma>  be  t.  r  ac.  s  *  er »  ea  1  n  eitt 

wor  Os  r"  by4  ps.  'jni  esr*  it  is  c  on  ♦  i qured  as  iipnpr  bv  bwk  of 

D~ ■-  ,  t.  h£>  Out  pi. t  memory  o  +  a  correlator  in  st.  and- a  i  or  ■  t  mono 
orreries  thu  V  h1  L  b  •  • -  address  space  trom  FF  4'  !> )'  1  throuah 
u  D'F  u  r  .  i  w;  ■  c  or  ^  el  1  pr  s  ma  .  be  eper  of  ed  i  r  st  a.rn  •  a  i  one  mod* 
o'-'  tnp.  same  yiv1t  backplane-  hv  c  on  t  ;  q  ■.  i  r  i  n  a  one  a  v.  upper  using 

Bw.  to  Dh' ,  The  out  p.'t  mere  or  y  ot  a  :  or  ^  e  1  *  t  :  ir  r  ori  ♦  i  a  .«r  ec  a c 

Sv  -*nd  -a.  or,  e  and  upper  is  a-.lrlr  *  tr;;,x  h  F  n>  •  »  -  •  t  n p  j  q  > 

Pr  /  f  h  t  . 

The-  5  M-.  .  *  i  .  1 .  a r  c  h  j  T.  f; •  c  +  ■. i r  e  •  user  -  f ■ o  t  r,(.  u  r  st 

1  or  at  ]  ons  ot  pr  oeiram  memor  v  tor  i  nt  p*r,ipt  vect  ore.  i  hue  , 

I  t  r  atinn^  ot  the  common  p  r  rqr  Cci  anr  dat  a  mem  or  v  :  4  or>  .'■» 

I I  p  output  buffers  is  no1  a  >  a  l  i  a  b  j  t  tor  d  a  t  ^  s  t  o  r  a  a  f  . 

(I :  >r  r  e  1  a  t  or  output  t.t  i  &  t  would  nth’r  l.f  t  e  stuu.ri  i  r  thecu 

1  fir  at  i  vi(.  i  <■-,  s  t  or  ed  i  nt  ruJ  1  ,  in  t  he  1  hi: .  '  1  o  ^r>  d  l  - 

r  pt  r  i  f  .■  f  -d  wh on  rrj  ■  ec  4  e - c.1  t«  »  ar .  interrupt  t  r  om  t  *  o  s  *  s t  «  1 

mi  r  r  o;  o  m  p  u  t  p  r  . 


-  1  S 


